MicroRNAs act as post-transcriptional regulators, and urinary exosome (UExo)-derived microRNAs may be used as biomarkers. Herein, we screened for UExo-derived microRNAs reflecting kidney disease (KD) status in dogs. Examined dogs were divided into healthy kidney control (HC) and KD groups according to renal dysfunction. We confirmed the appearance of UExo having irregular globe-shapes in a dog by immunoblot detection of the exosome markers, TSG101 and CD9. Based on our previous data using KD model mice and the data obtained herein by next generation sequencing of UExo-derived microRNAs in dogs, miR-26a, miR-146a, miR-486, miR-21a, and miR-10a/b were selected as candidate microRNAs. In particular, UExo-derived miR-26a and miR-10a/b were significantly decreased in KD dogs, and miR-26a levels negatively correlated with deteriorated renal function compared to the other miRNAs. UExoderived miR-21a levels corrected or not to that of internal control microRNAs in UExo, miR-26a and miR-191, significantly increased with renal dysfunction. In kidney tissues, the decrease of miR-26a and miR10a/b in the glomerulus and miR-10b in the tubulointerstitium negatively correlated with deteriorated renal function and histopathology. Increased miR-21a in the tubulointerstitium rather than in the glomerulus correlated with deteriorated renal histopathology. In conclusion, microRNAs reflecting the changes in renal function and histopathology in dogs were identified in this study.
In clinical veterinary medicine, serum blood urea nitrogen (BUN) and creatinine (Cr) are universally used as renal function markers. In dogs and cats, serum Cr level is used to grade patients with chronic kidney disease (CKD) into several clinical stages proposed by the International Renal Interest Society for adequate therapeutic strategy (http://www.iris-kidney.com/guidelines/staging.html). Our previous findings suggest that CKD pathogenesis differs among companion animals, and the glomerulus (Glo) and tubulointerstitium (TI) tend to be injured in dogs and cats, respectively 1 . The elevation of serum Cr indicates renal dysfunction. However, it is difficult to estimate specific injured parts of the kidney from the results of serological analysis. Urinary protein and Cr are also useful markers for glomerular function and concentrating capacity, respectively. We recently focused on identifying a potential microRNA (miRNA) as a novel disease marker as well as therapeutic target in animal kidney diseases (KD) [2] [3] [4] . miRNAs are stable small non-coding RNAs (20-25 bp) with high evolutionary sequence conservation that act as posttranscriptional regulators of target genes by binding to complementary sequences within specific target mRNAs. The close relationship between the progression of several diseases and miRNAs is well studied in both . Urinary exosome (UExo)-derived miRNAs may be novel diagnostic markers for KD. Solé et al. reported that miR-29c levels in UExos correlated with the chronicity and glomerular sclerosis in human patients with lupus nephritis 11 . Furthermore, miR-1915 and miR-663 levels in UExo were downregulated in patients with focal segmental glomerulosclerosis compared to healthy controls, whereas those of miR-155 were upregulated in these patients 12 .
We also reported altered levels of miR-26a and miR-146a in the urine of CKD model mice 2, 3 . Thus, changes of UExo-derived miRNAs significantly correlate with the progression of KD. However, there is no evidence in companion animals.
In the present study, by using dog UExo and NGS, we identified novel miRNA candidates reflecting changes of renal function or renal histopathology and compared their clinicopathological significance with KD-related miRNAs already identified in our previous studies.
Results
Appearance of UExo and UExo-derived RNAs in healthy dogs. Figure 1a summarizes the analysis protocols of UExos and UExo-derived total RNAs. In Fig. 1b and c, UExos collected by reagent 1-or 2-based method from fresh urine from a dog, showing normal kidney function, were examined. For immunoblotting, bands corresponding to the exosome markers, TSG101 and CD9, were detected (Fig. 1b) , but the obvious band for the latter was detected when UExos were collected from 5 mL of urine. Furthermore, TSG101-derived band was detected in both reagent 1-and 2-based UExo isolation protocols. Scanning electron microscopy (SEM) showed that dog UExos presented an irregular globe-shape with a diameter of approximately 50-200 nm, and some of them presented a pit or process (Fig. 1c) .
Next, we examined the appearance of UExo and measured the amount of UExo-derived RNAs in a dog frozen urine samples by 3 different protocols. In Fig. 1d -f, 4 pooled samples, collected from more than 10 dogs showing normal kidney function, were analyzed. The highest total amount of UExo-derived total RNAs was obtained by using the column method when compared with the other methods using both 1 and 5 mL of urine (Fig. 1d) . In term of recovery efficiency of UExo-derived total RNAs (Fig. 1e) , UExo-derived total RNAs tended to decrease with the volume of urine used in all examined protocols, and significant differences between the groups using 1 and 5 mL were detected in the reagent 1 and column method. Furthermore, the highest amount of UExo-derived total RNAs was obtained by using the column method when compared with the other methods in both groups using 1 and 5 mL of urine. Figure 1f shows the levels of miR-26a, which was reported as the miRNA abundantly expressed in the kidneys of mice, dogs, and cats 3, 4 , in the obtained UExo-derived total RNAs. The miR-26a level tended to increase with the urine volume used in all examined protocols, and significant differences between the groups using 1 and 5 mL were detected in reagent 1 and column method. Thus, our data showed that UExo are detected in dogs and suggested that the amount of obtained UExo-derived total RNAs is not necessarily similar to that of miRNAs.
UExo-derived miRNAs in healthy kidney control (HC) and KD dogs. Based on the serum Cr and BUN, urine color, and the diagnosis of a clinical veterinarian, the obtained urine samples were divided into 2 groups; HC (n = 37, median = 10-years-old) and KD (n = 47, median = 12-years-old). Clinical information of the examined dogs, including sex, age, and species is summarized in supplemental Table 1 and supplemental Fig. 1 . Figure 2a shows the renal functions of HC and KD dogs. KD dogs showed significantly higher values in serum BUN and Cr and lower values in urinary Cr compared to HC dogs. NGS was performed by using these samples (Fig. 2b) . Because of alignment, the percentage of UExo-derived miRNAs obtained were 0.12% and 0.42% in UExo-derived total RNAs of HC and KD dogs, respectively. Characteristically, most read sequences were derived from that of transfer RNA. As a result, 2,035 miRNAs were annotated. Table 1 summarizes the results of UExo-derived miRNAs levels in HC and KD dogs. To refine the candidates, miRNAs showing more than 100 read numbers in both groups and a 2-fold difference (higher or lower) in KD dogs compared to HC dogs were selected. miR-3107, miR-486a, miR-21a, miR-10a, and miR-10b satisfied these requirements. miR-3107-5p was recently updated as miR-486b-5p, presenting the same mature sequence "uccuguacugagcugccccgag" as miR-486a-5p according to the mouse database (miRBase, http://www.mirbase.org/). Therefore, miR-3107 and miR-486a are essentially the same mature miRNAs. Furthermore, to identify an internal control miRNA in dog UExo, miRNAs showing more than 300 read numbers in both groups and less than a 2-fold difference (higher or lower) in the KD group compared to the HC group were selected. Among the selected miRNAs, we used miR-191 as an internal control in the subsequent study because it showed the lowest fold change between the HC and KD groups and was abundantly expressed in the kidneys of mice, dogs, and cats 3, 4 . Levels of selected UExo-derived miRNAs in HC and KD dogs. Next, levels of selected miRNAs in UExo were quantified from the results presented in Table 1 . Levels of miR-26a and miR-146a, which were differentially expressed in the kidneys of CKD mice compared to that in healthy control mice in our previous studies, were also quantified 2, 3 . The raw levels of miR-26a, miR-10a, miR-10b, and miR-191 were significantly lower in UExo from KD dogs compared to those in UExo of HC dogs (Fig. 3a) . In contrast, miR-146a and miR-21a levels tended to be higher in UExo of KD dogs compared to those in UExo of HC dogs. A significant difference was only detected in miR-21a levels between the groups. Additionally, we corrected their levels to the raw levels of miR-26a and miR-191 ( Fig. 3b and c) , which were selected as internal controls in dog UExo, based on their abundant expression in the kidneys of dogs 3, 4 . The results are presented in Table 1 . When the expression levels were corrected to that of miR-26a, the levels of miR-146a and miR-21a were significantly higher in UExo of KD dogs than that in UExo of HC dogs (Fig. 3b) . When the expression levels were corrected to that of miR-191, the levels of miR-146a, miR-21a, miR-10a, and miR-10b tended to be higher in UExo of KD dogs than in UExo of HC dogs. A significant difference was detected in miR-21a levels between the groups (Fig. 3c) . Furthermore, we examined the raw levels and the corrected levels of miRNAs in each sex group, including male, castrated male, female, and spayed female, and there was no significant sex-related difference (P > 0.05) in any miRNA as determined by Kruskal-Wallis test.
Correlation between levels of UExo-derived miRNAs and renal function in HC and KD dogs. A significant positive correlation was detected between age and miR-146a (Table 2) . Serum BUN was significantly A total of 2,035 miRNAs were annotated. These genes showed 100 > read number and a 2-fold change in the kidney diseased group (KD) when compared to the healthy kidney control group (HC). a: This miRNA is updated as miR-486b-5p. miR-486a and miR-486b have the same mature sequence "uccuguacugagcugccccgag" in the mouse data base. A total of 2,035 miRNAs were annotated. These genes showed 200 > read number and within a 2-fold change in the KD group compared to the HC group.
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and negatively correlated with miR-26a and miR-10b. Serum Cr was significantly and negatively correlated with miR-26a, miR-10a, miR-10b, and miR-191 and positively correlated with miR-21a. Urinary Cr was significantly and positively correlated with miR-26a, miR-486, miR-10a, miR-10b, and miR-191. When miRNA expression levels were corrected to that of miR-26a, age was positively correlated with miR-146a, and serum BUN and Cr were positively correlated with miR-146a and miR-21a, while urinary Cr was negatively correlated with these miRNAs. When the expression levels were corrected to that of miR-191, miR-21a was positively correlated with age, serum BUN, and Cr, while it was negatively correlated with urinary Cr.
Renal expression of miRNAs in the kidneys of HC and KD dogs. Figure 4a presents renal functions and kidney damage scores of the dogs histopathologically divided into HC (n = 6, median = 11 years old) and KD (n = 7, median = 10.5 years old). Clinical information of the examined dogs is summarized in supplemental Table 2 . Dogs with KD showed significantly higher values of serum BUN and Cr and damage scores for Glo, TI, and KD. Representative histopathological features of the kidneys of HC and KD dogs are shown in Fig. 4b . In KD dogs, the kidneys showed clear Glo and TI damages. Figure 4c shows local expression of miRNAs in the kidneys analyzed by laser-microdissection (LMD). The expression of all examined miRNAs was lower in KD compared to HC collected Glo. Significant differences were detected in miR-26a, miR-10a, and miR-10b between the groups. For collected TI, the expression of miR-21a tended to be higher in KD compared to HC specimens. The expression of other miRNAs tended to be lower. A significant difference was detected in miR-10b levels between the groups. We also calculated the miRNA expression ratio in Glo compared to TI (Fig. 4d) . For the HC group, miR26a, miR-146a, and miR-486 presented a Glo to TI ratio above 1.5, meaning that they were abundantly expressed in Glo rather than in TI, but miR-21a and miR-10b showed a 0.99 and 1.18 ratio, respectively, meaning that they were comparatively expressed in both Glo and TI. All parameters tended to be lower in KD dogs compared to HC dogs. Significant differences were observed in terms of miR-21a and miR-10a levels between the groups. Furthermore, the levels of miR-21a, miR-10a, and miR-10b were less than 1.0 in dogs with KD, meaning that they tended to be expressed in TI rather than in Glo in dogs with KD.
Correlation between miRNA levels in the kidney and renal function in HC and KD dogs. For miRNA levels in the kidney tissues collected by LMD (Table 3) , age did not correlate with the examined miRNA levels. Serum BUN and Cr, and Glo damage score were negatively correlated with Glo levels of miR-26a, miR-10a, and miR-10b. Serum Cr also negatively correlated with miR-146a levels. Both TI damage score and KD score were negatively correlated with Glo levels of miR-486, miR-10a, and miR-10b. Furthermore, serum BUN and Cr as well as Glo and TI damage scores, and KD score were negatively correlated with TI levels of miR-10b. Glo damage and KD scores were also negatively correlated with miR-21a levels.
Regarding the Glo to TI ratio (Table 4) , miR-26a, miR-146a, and miR-10a were negatively correlated with Glo damage and KD scores, and miR-146a and miR-10a were negatively correlated with TI damage score and serum Cr, respectively. miR-10b was negatively correlated with age.
Discussion
We examined the levels of UExo-derived miRNAs selected from both NGS and our previous reports 2, 3 . Raw levels of UExo-derived miRNAs (Fig. 3a) can indicate 2 possibilities; 1) the quantitative changes of total amount of UExo or 2) the quantitative change of miRNAs in UExo. Because it is difficult to accurately measure the amount of UExo in dogs due to the lack of appropriate measurement techniques, we considered that internal control UExo-derived miRNAs were needed as an alternative. Therefore, we used miR-26a and miR-191 as internal controls, because they are known to be abundantly expressed in the kidneys of mice, dogs, and cats 3, 4 . Additionally, miR-191 did not show drastic quantitative changes in the urine of HC and KD dogs in NGS (Table 1) . miR-26a and miR-191 significantly decreased in UExo from KD dogs compared to that in HC dogs, suggesting that the total UExo amount tends to decrease in KD compared to HC. Therefore, its decreased level would also relate to a decrease in the total UExo amount in KD dogs. Furthermore, the raw levels of miR-26a and miR-191 in UExo correlated with changes of renal function indices such as serum BUN, serum Cr, or urinary Cr. Therefore, decreased UExo in KD might indicate altered renal function in the dog kidneys.
miR-10b also significantly decreased in KD dogs compared to HC dogs, and their levels closely correlated with renal function compared to the other miRNAs. Although differences in miR-10b and miR-10a levels did not match between TaqMan PCR and NGS, we analyzed these miRNAs because their read number was high (Table 1) , and they are highly expressed in human urine 13 as well as in dog and cat kidneys 4 . This methodological difference might be affected by the differences between individual samples in TaqMan PCR and pooled samples in NGS. On the other hand, the expression of UExo-derived miR-21a significantly increased in KD dogs compared to that in HC dogs. This increase was still observed after correction of the expression levels to those of internal control candidates such as miR-26a or miR-191 and closely correlated with changes in renal function indices. Thus, the Table 2 . Correlations between UExo-derived miRNA levels or ratio and clinical parameters in dogs. n = 75-84. Spearman's rank correlation coefficient. *P < 0.05. **P < 0.01. BUN: blood urea nitrogen. Cr: creatinine.
amount of miR-21a in UExo, rather than raw levels of urinary miR-21a, increased during KD and correlated with changes in renal function in dogs. Overall, the expression of all examined miRNAs tended to decrease in the Glo of KD dogs compared to that in HC dogs, but these changes were milder in TI than in Glo in KD dogs (Fig. 4c) . We previously reported that Glo lesions in CKD such as podocyte injuries were more strongly correlated with renal dysfunction in dogs than in cats 1 . Furthermore, approximately 52% of renal biopsy samples from diseased dogs presented Glo injuries 14 . On the other hand, TI damages, including cell infiltration, fibrosis, polycystic lesions, and necrosis, were commonly observed in cat KD 15, 16 . Therefore, the decreased expression of the examined miRNAs in Glo might be associated with the pathological characteristics of dog kidneys such as Glo-dominant pathogenesis in this species.
Decreased Glo miRNAs in KD such as miR-26a, miR-10a, and miR-10b significantly and strongly correlated with renal dysfunction and Glo injuries in dogs. These miRNAs also showed decreased levels in UExo and significant correlations with several parameters of renal dysfunction (Table 2 ). These 3 miRNAs are abundantly expressed in the mouse Glo. In particular, podocytes seemed to express miR-26a according to our mouse study 3 . As shown by the Glo/TI ratio (Fig. 4d) , miR-26a and miR-10a also seemed to be expressed in the dog Glo compared to TI. Although there is no report about miR-10a in Glo cells, downregulation of miR-26a and miR-10a in Glo was reported in a CKD mouse model 3 . Decreased miR-26a in the kidneys is also demonstrated in diabetic nephropathy of humans and mice 17 . In humans, miR-26a levels decreased in the kidneys and urine of patients with lupus nephritis 18 . miR-26a silencing affected the cytoskeleton and differentiation of cultured mouse podocytes via altered expression of the actin family and vimentin 3 . Moreover, miR-26a downregulation is involved in the progression of diabetic nephropathy both in humans and in mice through enhanced TGF-β /connective tissue growth factor signaling 17 . Podocytes and mesangial cells can produce exosomes 2, 19, 20 . Thus, decreased miRNA expression in Glo, at least for miR-26a, would be a crucial pathological event in dog KD and correlates with decreased UExo due to altered exosome production or producing cell numbers in the Glo. miR-10b decreased in both the Glo and TI of KD dogs, and this change was significantly correlated with renal dysfunctions. miR-10b is expressed in the kidneys of mice, dogs, and cats 3, 4 . The role of miR-10b in KD is unknown, but a previous report suggested that upregulation of cAMP responsive element binding protein 1 by loss of miR-10b plays an important role in the tumorigenesis of renal cell carcinoma 21 . Furthermore, miR-10b is significantly downregulated in rejected allografts, and miR-10b inhibition in human endothelial cells recapitulated apoptosis, release of pro-inflammatory cytokines/chemokine, and chemotaxis of macrophages 22 . Based on the Glo/TI ratio of miR-10b (0.8 in KD vs. 1.2 in HC), miR-10b was expressed in both Glo and TI, but this ratio decreased with aging. Furthermore, miR-10b level decreased in UExo in KD dogs. Therefore, decreased miR-10b in both the kidney and UExo might reflect the abnormal characteristics of cells composing dog kidneys and/or the inflammatory status. Aging also affects these processes.
The levels of miR-486 in Glo and the Glo/TI ratio of miR-146a also significantly correlated with renal histopathological scores, although no significant change in both Glo and TI was detected between HC and KD dogs. For these miRNAs, although UExo-derived miR-146a/miR-26a ratio correlated with renal function parameters (Table 2 ), a constant tendency was not observed between the expression of miR146a and miR-486 in UExo and renal functional parameters. Age seemed to affect miR-146a levels in UExo. Recent studies reported that miR-486 in urinary sediments derived from urinary erythrocytes, not from renal parenchymal cells, significantly increased in human patients with IgA nephropathy 23 and that miR-146a expression in the kidneys was specifically associated with inflammatory cell infiltration in CKD mice 2 . In the dog kidneys, the other miRNAs rather than miR-486 and miR-146a more closely correlated with renal pathogenesis or changes in renal functions.
miR-21a expression in the kidney is relatively low in mouse, dogs, and cats 3, 4 . In the present study, miR-21a expression in TI tended to increase in KD, and Glo/TI ratio decreased in KD compared to HC dogs (0.20 in KD vs. 0.99 in HC), suggesting that gene expression and/or the number of cells expressing miR-21a in TI tended to Table 3 . Correlations between KD to HC miRNA expression ratio and clinical parameters. n = 11-13. Glo: glomerular lesion. TI: tubulointerstitial lesion. BUN: blood urea nitrogen. Cr: creatinine. Expression ratio of the diseased group to the healthy group is analyzed. Spearman's rank correlation coefficient. *P < 0.05. **P < 0.01. Disease score means histopathological index, including both Glo and TI. Table 4 . Correlations between Glo to TI miRNA expression ratio and clinical parameters. n = 11-13. Glo: glomerular lesion. TI: tubulointerstitial lesion. BUN: blood urea nitrogen. Cr: creatinine. Expression ratio of Glo to TI is analyzed. Spearman's rank correlation coefficient. *P < 0.05. **P < 0.01. Disease score means histopathological index, including both Glo and TI.
KD/HC ratio
increase in KD, but no significant correlation was observed between renal miR-21a expression and all examined renal functional parameters. Many studies indicated that miR-21a is upregulated in several animal models and humans suffering from KD, and is considered a key mediator of renal fibrosis 24, 25 . miR-21a suppresses the expression of genes involved in mitochondrial and peroxisomal functions and the generation of reactive oxygen species in renal tubular cells and presents mitochondrial suppressive function, enhancing matrix deposition and nuclear factor kappa B signaling in fibroblasts 26 . In the present study, miR-21a expression in TI significantly correlated with Glo damage score rather than TI damage score, and this result might reflect that dog renal pathology tended to show Glo damage, as shown by the significant decrease of miR-26a in Glo of KD dogs. Otherwise, the time difference between miR-21a expression and histopathological manifestation of TI damage might explain the contradiction in the relationship between miR-21a expression in TI, Glo damage, and TI damage. Interestingly, miR-21a was upregulated in dog UExo (Fig. 3) . Therefore, miR-21a would be an indicator of kidney tissue injuries independent of renal dysfunction in dog kidneys.
We extracted the UExo-rich fraction and subsequently obtained total RNA, including miRNAs (Fig. 1) . The recovery efficiency of UExo-derived total RNA decreased with the increase of urine volume used by all examined methods, meaning that unknown inhibiting factors affect UExo-derived RNA extraction processes. However, the level of miRNAs (miR-26a was examined in this study) did not correlate with that of total RNA in UExo. As shown by immunoblotting, the band intensity of the exosomal marker, TSG101, seemed to increase with the urine volume used. Therefore, the recovery efficiency of UExo-derived miRNAs would increase with the urine volume used, while other coding or non-coding RNAs such as ribosomal, transfer, nuclear, and their degraded RNAs derived from urine supernatant or the extracellular vesicles except for exosomes such as microvesicles, apoptotic bodies, or ectosomes might interfere with the extraction of UExo-derived total RNA. Indeed, in our NGS using UExo-derived total RNAs extracted by the column method, the majority of read sequences partially derived from transfer RNAs (Fig. 2b) . A previous report also showed that different RNA extraction methods affected the results of NGS of human UExo-derived miRNAs 13 . In this study, because the obtained sequences of UExo-derived miRNAs ranged from 0.12 to 0.42% in dog UExo-derived total RNAs, further modified methodology to specifically concentrate miRNA-derived sequences would lead to a more accurate UExo-derived miRNA analysis. Furthermore, the availability of good antibodies to detect markers of dog exosomes is limited although good antibodies for the detection of markers of human and mouse exosomes are readily available. The identification of appropriate protein markers for dog exosomes and the development of the corresponding antibodies are needed for future studies. In addition, all urine samples were obtained from animal hospitals and involved different breeds of dogs in both groups in this study, which may affect the obtained results. Therefore, the evaluation with the fixed constant method based on the appropriate method for UExo-derived miRNA extraction using high-affinity antibodies for UExo and in each dog breed would be important for UExo-derived miRNAs in clinical applications for humans as well as in veterinary medicine.
In conclusion, we identified several candidate miRNAs associated with altered renal functions and kidney tissue injuries from the miRNA expression data of UExos and kidney samples in dogs. In particular, based on our present data and several previous studies, miR-26a and miR-21a would be strong candidates indicating Glo and TI damages, respectively. Further studies of expression data of these miRNAs in UExo and kidney tissues are warranted for the application of UExo-derived miRNAs to clinical veterinary medicine. Animal patients. The dog urine samples were obtained from patients in Veterinary Teaching Hospital, Hokkaido University (Sapporo, Japan) and Matsubara Animal Hospital (Osaka, Japan), and analyzed retrospectively. First, dogs showing serum Cr levels over 1.5 mg/dL were selected as candidates having a risk of KD (International Renal Interest Society; http://iris-kidney.com/guidelines/grading.html). Forty-seven dogs were diagnosed with KD based on the serum Cr as well as serum BUN, urine color, the diagnosis of a clinical veterinarian, and medical history from health record on the date of urine collection. KD samples showed a range of serum BUN (35.4-140.0 mg/dL) and Cr (1.5-9.2 mg/dL). HC samples were defined as samples from individuals having normal range of serum BUN (8.0-18.0 mg/dL) and Cr (0.1-0.9 mg/dL). All urine samples were stored at − 3 0 °C until used.
Methods
For kidney tissues, samples were obtained at Hokkaido University when dogs were euthanized and autopsied. Firstly, the kidney samples showing normal renal histology and obvious renal lesions were divided into the HC and KD groups, respectively. The candidates showing elevated range of serum BUN (30.4-140.0 mg/dL) and Cr (0.5-7.2 mg/dL) were diagnosed as KD (n = 7). The candidates showing a normal range of serum BUN (8.3-21.8 mg/dL) and Cr (0.3-0.9 mg/dL) were diagnosed as HC (n = 6).
Isolation of UExo-rich fraction. All urine samples (1 mL or 5 mL) were centrifuged at 2,000 × g for 30 minutes at 4 °C to remove cells and debris. From the urine supernatant, UExo-rich fraction was isolated by using Total Exosome Isolation (from urine) (reagent 1; ThermoFisher Scientific, Waltham, MA, USA) or miRCURY Exosome Isolation Kit-Cells, urine, and CSF (reagent 2; Exiqon, Vedbaek, Denmark) according to the manufacturer's instructions. Briefly, for reagent 1, equal volumes of urine and reagent were mixed and incubated at room temperature for 1 hour. After incubation, the sample was centrifuged at 10,000 × g for 1 hour at 4 °C. For reagent 2, urine and reagent (2.5 to 1.0 ratio) were mixed and incubated at 4 °C for 1 hour. After incubation, the sample was Scientific RepoRts | 7:40340 | DOI: 10.1038/srep40340 centrifuged at 10,000 × g for 30 min at 20 °C. In both protocols, after aspiration of the supernatant, a pellet containing UExo was obtained and used for immunoblotting, SEM, or RNA analysis.
Immunoblotting. Soluble proteins were extracted from isolated UExo-rich fraction using RIPA lysis buffer (Santa Cruz Biotechnology; Dallas, TX, USA). Immunoblotting was performed using the NuPAGE electrophoresis system (Life Technologies, Carlsbad, CA, USA) with the anti-TSG101 rabbit antibody (reactivity with human, mouse, rat, cow, dog, horse, and rabbit; Biorbyt, Cambridge, UK), the anti-CD9 rabbit antibody (reactivity with human, mouse, rat; Abcam, Cambridge, UK), and donkey anti-Rabbit IgG (H + L) secondary Alexa Fluor 488 conjugated antibody (ThermoFisher Scientific). Immune complexes were detected using Typhoon Variable-Mode Imager (GE Healthcare; Little Chalfont, UK).
SEM.
UExo-rich fraction isolated by using reagent 2 was suspended in 100 μ L of Resuspension Buffer (Exiqon) containing 2% paraformaldehyde for 10 min. After fixation, 10 μ L of sample solution was mounted on the Parafilm (Bemis, WI, USA) and covered with a grid (200 mesh) coated with excel support film (Nisshin EM, Tokyo, Japan) for 10 min. After washing with phosphate buffered saline (PBS) for 30 s twice, sample-attached grids were fixed with 2.5% glutaraldehyde for 5 min. After washing in distilled water (DW) for 30 s 7 times, samples were post-fixed with 1% osmium tetroxide for 30 min. After washing with DW for 30 s 7 times, samples were incubated with 10% samarium for 10 min. After washing with DW for 30 s 7 times, samples attached to the grid were mounted on the aluminum specimen stage and lightly sputter-coated with E-1030 (Hitachi, Tokyo, Japan). The specimen was observed on an S-4100 SEM (Hitachi) under the condition of 5 kV, 10 μ A, and SE(U) mode.
